The chemistry of the floral oils of Phymatidium delicatulum and P. tillandsioides (Orchidaceae) is described. These small epiphytes produce the oils in a complex gland (the elaiophore) located on the median petal. The floral oils of P. tillandsioides were shown to be comprised mostly of acylglycerols, as in many other Oncidiinae orchids from southeastern Brazil. Surprisingly, the floral oil of P. delicatulum was composed, predominantly, of relatively simple linear hydrocarbons. Evidence that P. delicatulum is pollinated by females of the oil-gathering bee genus Tetrapedia (Apidae: Tetrapediini) is presented.
Orchids are remarkable for their diversity in floral morphology and pollination strategies [1] . Several floral features elicit and enhance floral visitation, where flowers may or may not produce some kind of floral reward for their pollinators. Floral reward is herein considered to be any floral tissue and/or secretion that can be eaten, foraged, or gathered by pollinators, and used during its life cycle [1, 2, 3] . Among the neotropical Orchidaceae, oil secretion is mostly associated with species of the orchid sub tribes Oncidiinae and Ornithocephaliinae [4] . Now that a robust phylogeny of the family is available, the Ornitocephaliiinae is included in the Oncidiinae [4] . Thus, members of the former subtribe Ornithocephaliinae are best placed in a broadened concept of the Oncidiinae [5] . Floral oils in the Orchidaceae are produced in complex secretary structures, the so-called elaiophores.
[4] Most of these are morphologically conspicuous and, in many cases, the oil secretion becomes externally evident and is gathered by bees of different tribes of the family Apidae. Presumably, these floral oils are also used in brood cell-lining [4, 6] . The orchid genus, Phymatidium Lindl. is comprised of less than ten species, which are restricted to the Atlantic rain forest in southeastern Brazil and the extreme northeast of Argentina (Iguazú National Park, Misiones) [7] . trichomatic elaiophore (Figure 1, A) . To date, the Phymatidium pollination biology and floral oil chemistry are unknown. This paper presents the chemical composition of the floral oils of P. delicatulum Lindl. and P. tillandsioides Barb. Rodr., two small, yet conspicuous twig-epiphytes from southeastern Brazil. In addition, fieldwork revealed that P. delicatulum flowers are pollinated by Apidae oil-gathering bees, and this is also discussed. Exuded P. tillandsioides and P. delicatulum floral oils were absorbed into filter paper strips and then extracted with ethyl acetate. Average oil quantities per flower of 17 μg for P. tillandsioides, and 15 μg for P. delicatulum were obtained. For the GC-MS analyses, the crude floral oils were acetylated and silylated (TMS). Oil extraction and analyses were performed in triplicate and, within the same species, no significant variation in the floral oil composition was observed. Identification of the major constituents (Table 1) was obtained by mass fragmentation analysis and comparison with synthetic standards [3b, 8] .
The chemical compositions of the two floral oils are significantly distinct. Asymmetrically substituted acylglycerols predominate in P. tillandsioides floral oil, while in that of P. delicatulum, there is a predominance of linear hydrocarbons (Table 1) . Two types of acylglycerols were detected: type 1 possess one acetoxy group, and type 2, two acetoxy groups, attached to the fatty acid chain. The mass spectral fragmentation pattern of 1-acetyl-2-(3-acetoxyoctadecanoyl)-glycerol is similar to that of the compound previously detected and isolated from Zigostates lunata Lindl floral oil, which was fully characterized from spectroscopic and spectrometric data (IR, ESI-MS, 1D and 2D 1 H and 13 C NMR). The acetate derivative possesses a characteristic base peak at m/z 159 corresponding to the acetylated glycerol portion. The floral oils were also analyzed in the form of TMS ethers, resulting in the ion with m/z 189 corroborating the hypothesis of a disubstituted glycerol unit.
The other type of acylglycerol identified in the floral oil, showed the expected ions at m/z 117, 291, 351 and 466, which are similar to those of the 1-acetyl-2-(3,7-diacetoxy-eicosanoyl)-glycerol, previously isolated and characterized from Ornithophora radicans Barb. Rodr. [3c]. Sesquiterpenes and acylglycerols were observed as minor constituents in P. delicatulum (Table 1) . Hydrocarbons and sesquiterpenes were characterized by matching the results from GC-MS and the retention indices with those in the literature [8] . Tricosane (9) , is the most abundant hydrocarbon in the floral oil of P. delicatulum and P. tillandsioides (Table 1) . P. delicatulum visitors (pollinators) were observed on December 10, 2004, the sunniest and hottest day (about 25 °C at noon) of the observation period. However, pollination process details were not recorded, as visits were quick and mostly in plants out of sight, but several females (Apidae: Tetrapedini) were observed hovering in front of plants of P. delicatulum and visiting other plants in the neighborhood (especially flowers of Cyphomandra sp. (Solanaceae), that the bees clearly buzz-pollinated).
These bees had 4-7 P. delicatulum pollinaria adhered to their labrum (Figure 2 A-B) . Several pollinaria lacked pollinia (the actual pollen packets), thus indicating that these had already pollinated several flowers. The pollinaria carried by the bees were morphologically compared and matched with those of fresh flowers of P. delicatulum. Thus, there is no doubt concerning their identity. Other orchids were blooming in the area, including Maxillaria madida Lindl (Maxillariinae) and Dichaea pendula Lindl (Zygopetaliinae). However, the pollinaria of these orchids are morphologically different from those of P. delicatulum. This is the first report of pollination biology for the genus Phymatidium. Traditionally [4, 6] , pollination in oil-secreting orchids is associated with bees of the genus Centris (Centridini). Recent evidence [6] has indicated that Tetrapedia bees may be equally important. P. tillandsioides has a different phenology from that of P. delicatulum. Asymmetrically substituted diacylglycerols are known for their activities on protein kinase C (PKC), responsible for cellular growth and differentiation control [9] . However, ongoing research concerning the chemistry of a Tetrapedia nest has revealed that constituents present in the cell closure materials are related to the floral diacylglycerols via hydrolysis (unpublished). Therefore, acylglycerols may have an important role in the life cycle of oil-gathering bees.
The high amount of linear hydrocarbons detected in the P. delicatulum floral oil might also indicate an important role of these compounds in the natural history of this orchid's pollinators. Surprisingly, the floral oils of P. delicatulum and P. tillandsioides contain the same component characterized in O. radicans (1-acetyl-2-(3,7-diacetoxy-eicosanoyl)glycerol) floral oil [3c]. It is noteworthy that even if P. delicatulum, P. tillandsioides and Ornithophora radicans belong to the same orchid subtribe (Oncidiinae), these orchid species are only distantly related in phylogenic terms [5a] , thus suggesting that both elaiophores and floral oils underwent parallelism within the subtribe.
Experimental
Instruments: Gas chromatography/mass spectrometry analyses were carried out using an Agilent -6890/5973 machine equipped with an HP-5 fused silica capillary column (30 m x 0.25 mm x 0. 25 μm).
Oven temperature was programmed from 50 to 290 o C at 4 o C min -1 . The final temperature (290 o C) was held for 10 min. Injector temperature was 240 o C. Helium was used as carried gas, at 1 mL min -1 flow rate. Injection volume was 1 μL of the ethyl acetate solution (1 mg of floral oil per mL).
Floral oil:
The floral oils were collected from plants cultivated by R.B.S. These specimens were kept in a glasshouse and therefore deprived of any potential floral visitors. Filter paper strips (previously extracted with chloroform and methanol) were used to absorb the exuded oil of P. delicatulum and P. tillandsioides elaiophores. As 1,2-diacylglycerols are unstable in acidic solution [3c], the ethyl acetate used to elute the oil absorbed in the paper strips was previously bidistilled and pretreated with basic Al 2 O 3 . Solvent evaporation yielded 15 μg of oil per flower for P. delicatulum and 17 μg for P. tillandsioides. The extractions were repeated to obtain three aliquots of 1 mg from each Phymatidium species.
The retention indices for compounds 1 to 28 were obtained using the equation of Van den Dool and Kratz [10] . The retention indices of compounds 29 to 38 were not calculated (eluted in the isothermal part of the temperature program at 290 o C) [10] . Identifications were made on the basis of standard compound co-injection and comparison of retention indices [8] , as well as by computerized matching of the acquired mass spectra with those stored in the Wiley mass spectral library of the GC/MS data system, and other published mass spectra [8] .
Acetylation: To a solution of the crude oil (0.5 mg) in pyridine (0.01 mL) was added acetic anhydride (1 mg, 0.05 mmol) at room temperature. The mixture was stirred for 30 min. The reaction was washed with saturated CuSO 4 solution and extracted with ethyl acetate. The ethyl acetate extracts were combined, and dried with Na 2 SO 4 . Evaporation of the solvent in vacuo furnished a crude residue that was analyzed by GC-MS.
Silylation:
To a solution of the crude oil (0.5 mg) in pyridine (0.01 mL) was added bis(trimethylsilyl)trifluoroacetamide (BSTFA) anhydride (10 μL) at room temperature. The mixture was stirred for 30 min. The reaction mixture was washed with saturated CuSO 4 solution and extracted with ethyl acetate. The ethyl acetate extracts were combined and dried with Na 2 SO 4 . Evaporation of the solvent in vacuo furnished a crude residue, which was analyzed by GC-MS.
Field observations: These were performed from 9 to 11 December 2004, at the Estaçao Ecológica Alto da Serra (Paranapiacaba, Santo André Municipality, Sao Paulo State, Southeastern Brazil). Observations were performed from 8:00-15:00 hr, totaling about 21 observation hours. Observations were performed on a mountain summit (about 900 m) where ca. 70 plants of P. delicatulum were blooming. Insect pollinators were captured with a net, sacrificed, and labeled with entomological pins. Insect vouchers are deposited at the Bee Laboratory of the Sao Paulo University (Laboratório de Abelhas-USP). Plant vouchers are deposited at the Herbarium of the Universidade Estadual de Campinas (UEC). R. B. Singer identified the plants and bees.
